In the walls of Staphylococcus aureus H, Micrococcus varians ATCC 29750, and Bacillus subtilis W23, teichoic acid is attached to peptidoglycan by a linkage unit of tri(glycerolphosphate)-N-acetylglucosamine 1-phosphate that intervenes between the phosphate terminus of the teichoic acid chain and the hydroxyl at C-6 of a muramic acid residue in the peptidoglycan (3). The biosynthesis of the linkage unit as a membrane-bound lipid by successive transfers of N-acetylglucosamine 1-phosphate and three glycerol phosphate residues from UDP-N-acetylglucosamine and CDP-glycerol to a prenol phosphate lipid acceptor has been elucidated in S. aureus and M. varians (6, 7, 9) . Preliminary evidence for the involvement of related lipids in the teichoic acid linkage in B. subtilis W23 has been reported previously (4, 11) . This communication describes the detection and partial characterization of the major lipid intermediate. B. subtilis W23 contains the wall teichoic acid poly(ribitol phosphate).
B. subtilis W23 was maintained on Nutrient Agar (Oxoid). Large batches were grown to late exponential phase (3.5 h; absorbance of 600 nm, 2.0) in antibiotic medium 3 (10) and were harvested at 4°C. Membranes were prepared from 32 g (wet weight) of bacteria that had been washed once in 400 ml of potassium phosphate buffer (0.05 M phosphate, pH 6.6). The cells were broken as a 15% (wet wt/vol) suspension in the same buffer in a Braun cell disintegrator for 1.5 min. The broken-cell suspension was made 10 mM in MgCl2 and 5 mM in 2-thioethanol, and the membrane was isolated by differential centrifugation and washing as described previously (7). The final pellet was suspended at about 25 mg (dry weight)/ml in 0.05 M potassium phosphate buffer, pH 8.0, containing 5 2-thioethanol, and stored at -70°C in 1-ml portions. All chemicals were obtained as described previously (6, 7, 9) . Isolation of reaction products and procedures for selective hydrolysis of lipids have also been described previously (7 Total volume was 0.15 ml. The reaction was stopped by heating in a boiling water bath for 1 min. The reaction mixture was applied directly to the origin (1 by 2.5 cm) of a paper chromatogram, dried in air, and developed in solvent system 1 overnight (2). The chromatograms were cut into 1-cm strips, and radioactivity was measured as described previously (2). The arrows indicate the three lipids. The Radioactively labeled lipid was allowed to accumulate in a reaction mixture containing [3H] CDP-glycerol and UDP-N-acetylglucosamine. The membrane was washed and reincubated with CDP-ribitol (Fig. 2) . The UDP-N-acetylglucosamine-dependent lipids disappeared, and radioactivity turned over into polymeric material. The faster-running minor lipid was unchanged. The turnover of the major lipid was dependent on CDP-ribitol but was unaffected by tunicamycin (10 jug/ml) or by the presence of CDP-glycerol (50 juM) and UDP-N-acetylglucosamine (1 mM).
The amount of the slower-running minor lipid was too small to permit characterization. The faster-running minor lipid was susceptible to degradation by phospholipase C from Bacillus cereus when this enzyme was added to the reaction mixture after 1 h. After 30 min at 30°C with 10 U of enzyme per ml in the presence of 0.34 mM Ca2 , this lipid was undetectable, whereas the other lipids were unaffected. It therefore appeared to be a phosphoglyceride phospholipid. Deacylation with sodium methoxide (8) yielded glycerophosphoryl glycerol, which was identified by chromatography in solvent 1 (RaGP = 1.8) and by paper electrophoresis (RaGP = 0.6) with the deacylation product of authentic phosphatidylglycerol. It was concluded that this lipid was phosphatidylglycerol.
The major lipid, labeled from CDP-glycerol, was examined by the methods previously described for the linkage unit lipids of S. aureus (7) . Hydrolysis with dilute alkali yielded only radioactive glycerol phosphate, whereas hydrolysis with dilute acid gave rise to a compound that constituted 92% of the radioactive products and behaved like authentic glycerophosphoryl-N-acetylglucosamine (1) on paper chromatography in solvent 1 (RaGP = 1.6) and on paper electrophoresis (R,,GP = 0.5 39 ,000 x g at 4°C. The pellet was wc in 20 ml of phosphate buffer, 40C, and t pended in 1.0 ml of the same buffer. Samp. were reincubated at 300 C for 30 min with th of 2 ,Mmol of MgCl2 and, where indicated, CDP-ribitol (CDPR). The products were se) paper chromatography of the reaction m described for Fig. 1 . Symbols: *, Reincubat 0, reincubated with CDP-ribitol. Radioa mer remained entirely at the origin of the c gram.
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